ABSTRACT
INTRODUCTION
Groundwater resources support urban and rural communities in Bangladesh. As industrial and agricultural development of Bangladesh increases, the demand for water also steadily grows. Changes in groundwater quality are due to variation in climatic conditions, residence time of water, aquifer materials, and inputs from soil during percolation of water (KRISHNA KUMAR et al., 2009 ). Many hydrogeochemical processes have been highlighted in the control of the chemical composition of groundwater like carbonates and silicates weathering, and ion exchange (KRISHNA KUMAR et al., 2009; SUBBA RAO, 2008) .
Groundwater contains a variety of chemical constituents at different concentrations. The greater part of the soluble constituents in groundwater comes from soluble minerals in soils and sedimentary rocks (WANTM, 2005 , pH, TDS and hardness are the important chemical constituents to assess the suitability of water for industrial purposes. Therefore, the objective of the present research was to examine the concentrations of selected dissolved ions in groundwater and classify the waters according to their suitability for irrigation, drinking and industrial uses.
MATERIAL AND METHODS

Water sampling and analysis
Well water samples were collected in March and April 2012. Our sampling sites were 14 shallow tubewells, 15 hand tubewells and 15 deep tubewells. Samples were collected in two liter plastic bottles that had been cleaned with hydrochloric acid (1:1) and then rinsed with distilled water. Before collecting each sample, bottles were rinsed 3 to 4 times with sample. Equations used in calculating water class rating parameters
The following formulae related to the irrigation water classes rating were used to classify water samples using the chemical data. 
RESULTS
Chemical composition of water samples Some summary results from our survey of groundwater are shown in tables 2A and 2B. Details of the sampling sites are presented in table 1. Groundwater pH is a fundamental property that describes the acidity and alkalinity and largely controls the amount and chemical form of many organic and inorganic substances dissolved in groundwater. The pH of samples ranged from 5.4 to 5.9 ( (Table 2B) . The computed variable, hardness, varied from 100 to 300 mg/L. The potential salinity and permeability index values ranged from 0.66 to 2.30 meq/L and 0.37 to 0.74, respectively (Table 2A) .
Stoichiometric relations
The Na-Cl relationship has often been used to identify the mechanisms for acquiring salinity and saline intrusions (JALALI, 2007 : HCO 3 -+ CO 3 2-greater than unity while the ratio of Na + : HCO 3 -+ CO 3 2-were far below the unity suggesting the predominance of Ca and Mgcontaining minerals over Na-containing minerals in the study area. As a result, the ratios of Ca 2+ + Mg 2+ : total cations of most of the water samples had ratios approaching unity while the ratios of Na + + K + : total cations were far below unity (Figure 1a, 1b) . In order to confi rm the ion exchange process taking place, Na (Table 2C) .
Water class ratings Table 3 shows that out of 44 samples, 27 were rated as 'good' and 17 were as 'excellent' for irrigation purposes based on Wilcox requirement. According to Richards (RICHARDS, 1968) , all irrigation waters were classifi ed as C2S1 (27 samples) and C1S1 (17 samples) categories. C1 indicated 'low' salinity (EC < 250 μS/cm), C2 indicated 'medium' salinity (EC= 250-750 μS/cm), and S1 indicated 'low sodium' with respect to SAR. Irrigation with C1 and C2 class waters is unlikely to affect the osmotic pressure of the soil solution and the cell sap of the crop plants. Among the groundwater samples we collected, 39 were rated as 'excellent' and 5 were rated as 'good' according to Wilcox. Among the samples, 25 samples were classifi ed as 'hard' and 19 samples were grouped as 'moderately hard' waters.
DISCUSSION
Stoichiometric evaluation of water samples
The sources of major cations, such as Ca 2+ and Mg
2+
, in groundwater can be the weathering of calcium and magnesium minerals (KRISHNA 
: Na
+ ratio is greater than 1, carbonate weathering occurs, while a ratio A ratio of Na + /(Na + + Cl -) higher than 0.5 had only one samples, suggesting that ion exchange process is very low. On the whole, the groundwater samples have the concentration of Na + higher than that of K + (Table 2A) , because of the greater resistance of K + to chemical weathering and its adsorption on clay minerals (SUBBA RAO, 2008) . This suggests that when there is lack of rain, the decomposition of organic matter by bacterial organisms in the soil would not provide the appropriate CO 2 to the rock/ water interaction in dry season. Suitability for irrigation Plants intake water from soil by osmosis and osmotic pressure is proportional to the salt content, which affects the growth of plants, soil structure and permeability (GUPTA et al., 2009) . SAR is an important parameter for the determination of the suitability of irrigation water because it is responsible for the sodium hazard (TODD AND MAYS, 2005) . In our study, all water samples were suitable for growing crops according to TDS values (Table 2C ). In addition to TDS, the relative abundance of sodium with respect to alkaline earths, and the quantity of bicarbonate and car bonate in excess of alkaline earths also infl uence the suitability of water for irrigation. This excess is de noted by 'Residual sodium carbonate' (RSC). A negative , Mn 2+ were concentrations were low and considered to be suitable for crop production and the soil environment (AYERS AND WESTCOT, 1985) . Table 3 -Quality classification of water samples for irrigation. , Cl -and HCO 3 -. The high correlation between EC and TDS refl ects the interdependency of these measurements as general measures of the amount of total dissolved solutes.
Suitability for drinking and domestic uses
The pH of all groundwater samples was not within the safe limits prescribed for drinking water by WHO (2004) . Higher concentration of SO 4 2-in drinking water is associated with respiratory problems (SUBBA RAO, 1993) . Excess NO 3 -can cause methemoglobinemia, gastric cancer, birth malformations and hypertension. However, the concentrations of Na, Cl -, SO 4 2-and NO 3 -of the studied groundwater samples were far below the recommended limits (Na
-=10 mg/L) for drinking according to WHO (2004) . In this study, all waters were under 'moderately hard' (43%) and 'hard' categories (57%).
Industrial rating of groundwater samples
The waters of the study area might not be suitable for brewing, tanning and laundering, where the recommended limits of pH are 6.5-7.0, 6.0-6.8 and 6.0-8.0, respectively (TODD AND MAYS, 2005) . Based on chloride concentration, the percent suitability for brewing, carbonated beverage, dairy, sugar and textile industries were 100, 100, 9, 0 and 100, respectively. The TDS concentrations were not suitable for confectionery as the recommended limits of TDS for the above industry is 50-100 mg/L (USEPA, 1975) . However, for confectionary and paper and pulp industries, the percent suitability were 5 and 70, respectively (Figure 2 ) while for brewing, carbonated beverage, dairy and ice manufacture industries, all waters were suitable. The allowable limits of Mn for various industries range from 0.05 to 1.0 mg/L except for sugar manufacture (TODD AND MAYS, 2005) .
CONCLUSION
The water in the study area shows enrichment of magnesium and calcium among cations and of bicarbonate among anions. Based on the patterns we observed, it can be concluded that all the shallow tube well and deep tube well water samples of the Dinajpur Sadar Upazilla in the district of Dinajpur, Bangladesh were suitable for irrigation, drinking, domestic and industrial uses; although some samples were rated to be unsuitable for some specifi c industries for some specifi c ions. 
